Lung cancer is known to be the most commonly diagnosed cancer with high mortality and morbidity. Lung cancer is divided into two groups as non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). These two groups should be seen as two different diseases concerning their clinical course. 80-85% of newly diagnosed lung cancer patients are NSCLC, and 15-20% is SCLC. According to Turkey cancer statistics in 2017, lung cancer is the first in cancer rate in men (52.5/100.000) and the fifth most common type of cancer in women (8.7/100000).

1-The Role of Radiotherapy in Non-Small Cell Lung Cancer {#sec1-2}
========================================================

Non-small cell lung cancer (NSCLC), which forms the majority of lung cancers, consists of squamous cell cancer, adenocarcinoma and large cell cancers. Although surgical resection is curative in the group without severe concomitant disease at the early-stage, radiosurgery has taken its place as the standard treatment approach in patients with comorbid disease. However, this group covers only 30% of the patients.\[[@ref1], [@ref2]\] Radiotherapy can be applied as definitive in the group with local and regional advanced disease with no surgical chance, as neoadjuvant in the group that has the potential to have surgery and can be applied as adjuvant considering some risk factors after surgery.

Radiotherapy in metastatic disease is often used for palliative purposes, but radiosurgery may be an option for metastases in oligometastatic disease.

1A-Early Stage (I-II) {#sec1-3}
=====================

Stereotactic Body Radiotherapy or Lung Radiosurgery {#sec2-1}
---------------------------------------------------

Radiosurgery, which was introduced to our practice by Swedish brain surgeon Lars Leksell in 1950, was first used in the treatment of brain lesions. With the development of technology in time, radiosurgery applications have become available in linac-based devices in the 1980s, and high-dose radiotherapy was started to be used in regions other than the brain. SBRT began to be applied for early stage lung tumors. American Society of Therapeutic Radiation Oncology (ASTRO) accepted the treatment of 1 to 5 fractions. The European group accepted the treatment of 1 to 8 fraction ablative doses as Stereotactic Body Radiotherapy (SBRT).

SBRT is the non-invasive application that has been reproduced with three-dimensional tomography planning, prepared with precision to a limited target volume with high fraction doses (7.5-34 Gy) in single or several fractions (1-5 fractions (USA), 1-8 fractions (Europe)). The difference from the intensity-modulated radiotherapy treatment is that the number of fractions is low, the fraction dose is high, and the total treatment time is short. Immobilization of the patient, respiratory movements, control and follow-up of tumor movement, accurate determination of target and application of treatment with the same accuracy in each fraction are important for treatment efficacy and normal tissue toxicity.

SBRT is more effective because high ablative doses are administered, and it is also radiobiologically more effective due to the high fraction doses. Good local control and survival rates have been shown in studies using at least 100 Gy biologically effective doses, taking into account normal tissue dose limitations in early-stage NSCLC.\[[@ref3]--[@ref6]\] SBRT is most commonly used in tumors less than 5 cm in size and located in the periphery.

Firstly, phase 1toxicity data, in which 37 patients were examined, was published by Timmerman et al., a pioneer of radiosurgery, in 2003. Only two patients had grade 3 toxicity. Subsequently, RTOG 0236 was initiated. Radiation Therapy Oncology Group (RTOG) 0236 study was a multicenter prospective study of 55 patients with early-stage inoperable NSCLC, and very valuable for SBRT. The three-year disease-free and overall survival rates were 48.3% and 55.8%, respectively, and the three-year primary tumor control and local control rates were 97.6% and 90.6%, respectively.\[[@ref7], [@ref8]\] Grade 3-4 toxicity rate was 16.3%.

In the Japanese Clinical Oncology Group study (JCOG0403), 100 inoperable patients were examined, and the three-year local control and survival rates were 87.3% and 59.9%, respectively.\[[@ref9]\]

SBRT has been shown in many studies to have better local control and survival rates in early-stage inoperable cases than conventional RT.\[[@ref10]--[@ref13]\] In the prospective phase II "Stereotactic Precision and Conventional Radiotherapy Evaluation (SPACE)" study comparing conventional RT and SBRT, three-year overall survival (54% and 59%), progression-free survival (42% and 42%) and local control rates (86.4% and 85.7%) showed no difference, and both toxicity and disease progression were lower, although there were worse prognostic factors in SBRT cases.\[[@ref14]\] In the randomized phase III Trans-Tasman Radiation Oncology Group (TROG) 09.02 CHISEL study, both overall and progression-free survival were much better in SBRT-treated inoperable cases, compared with conventional RT.\[[@ref15]\]

SBRT provides similar results with less morbidity, especially when compared to elderly patients who underwent surgery.\[[@ref16]\] The most common failure in SBRT is distant metastasis (10-20%), and regional lymph node recurrence (10-15%) and local recurrences are seen in 5-10%.\[[@ref17]\]

SBRT is seen as a standard treatment in patients with early-stage NSCLC who are not suitable for surgery due to comorbid diseases or who refuse surgery, with higher overall survival and local control rates equivalent to lobectomy and higher than 3D conformal RT applications. It can be presented as an alternative treatment option to patients with cancer-related survival and local control results equivalent to sublobar resection, and in patients with a high surgical risk that cannot tolerate lobectomy.\[[@ref10], [@ref11], [@ref13], [@ref18]--[@ref23]\]

One of the most important discussion topics today is whether SBRT may be an alternative treatment to surgery in early-stage medically operable patients. We do not have yet completed phase 3 randomized trials until now. The retrospective comparison of the results of lobectomy and SBRT series is not feasible. Because patient selection criteria are different. Patients who were performed surgery are usually younger, with better performance. The results cannot be compared in a healthy way since the patients who underwent surgery were staged pathologically, and the patients who underwent SBRT radiologically.

Retrospective and prospective Phase II studies report that similar local recurrence and survival rates can be achieved by both SBRT and surgery for operable stage I patients. Onishi et al. reported five-year local control rates in T1 and T2 tumors as 92% and 73%, and 5-year overall survival rates as 72% and 62%, respectively, in 87 patients with SBRT.\[[@ref18]\] Lagerwaard et al.\[[@ref24]\] reported the 3-year overall survival, local control, regional and distant failure rates as 85%, 93%, 9.7% and 9.7%, respectively, in 177 patients who underwent SBRT. In the prospective phase 2 study of Nagata et al.,\[[@ref9]\] 3-year local control and overall survival rates in 64 operable cases were 85.4% and 76.5%, respectively. In the Phase II RTOG 0618 study, in 26 operable cases who had SBRT, the 2-year local failure rate was 19.2%, the regional failure rate was 11.7%, the progression-free survival rate was 65.4%, and overall survival rate was 84.4%.\[[@ref25]\] Grade 4-5 toxicity was not reported in the studies.

Three-phase III prospective studies comparing SBRT with surgery in early-stage operable NSCLC have been initiated (STARS-NCT00840749, ROSEL-NCT00687986 and ACOSOG Z4099-NCT01336894), and these studies were closed early due to slow and inadequate patient intake. The results of STARS and ROSEL studies were published in a joint analysis by Chang et al.:\[[@ref26]\] SBRT (31 patients) and lobectomy (27 patients) were compared in operable patients. While the STARS study included histological verification of NSCLC, there was no such condition in the ROSEL study. STARS study identified 54 Gy/3 fx, 60 Gy/5 fx for peripheral and central tumors, respectively. The three-year overall survival rate was found as significantly higher in favor of SBRT. Only peripheral tumors were included in the ROSEL study, and the fractionation scheme was determined as 54 Gy/3 fx or 60 Gy/5 fx. Of course, early closure of these studies causes a fewer number of patients, decreases statistical power, and weakens the comparison of the two treatment arms concerning survival, efficacy and toxicity. However, it supports the thesis that SBRT is an alternative to surgery in operable cases. The three-year survival rate of 95% obtained in this study is high compared to retrospective series. Lagerwaard et al. reported the 3-year survival rate as 85%, and Hamaji et al. reported it as 60.2%. Onishi et al. reported the 5-year survival rate as 72% for stage Ia tumors and 62% for Ib tumors in 80 cases treated with SBRT.\[[@ref18], [@ref24], [@ref27]\]

Long-term results of SBRT equivalent to surgery have not been demonstrated in operable patients. Late recurrences have been reported more than five years after SBRT. Thus, close monitoring is important.\[[@ref28]\] In Phase 3 randomized trials that are currently conducted; randomized POSTILV (NCT01753414) conducted in China, SABRtooth (NCT02629458) conducted in the UK, randomized VALOR (NCT02984761) and multicentre STABLE-MATES (NCT02468024) conducted in the United States, RAXSIA (NCT03431415) conducted in Canada, were designed to compare the results of surgery and SBRT.

1B- Local Advanced Stage (II-III): {#sec1-4}
==================================

**Chemoradiotherapy (CRT):** Non-metastatic local advanced stage NSCLC accounts for 35% of all NSCLC.\[[@ref29]\] Radiotherapy alone has been used in inoperable non small cell lung cancers without metastasis for many years; with the advances in systemic treatment, radiotherapy and chemotherapy have been started to be combined.

In a meta-analysis published by the Non-small Cell Lung Cancer Collaborative Group in 1995 (1780 cases, which reviewed 11 randomized trials), the addition of CT to RT provided a survival advantage in this patient group.\[[@ref30]\] Cochrane meta-analysis showed that the concurrent use of platinum-based chemotherapy and radiotherapy has a survival advantage over consecutive chemo-radiotherapy.\[[@ref31]\] After these results, the current approach to most of stage III diseases is CRT. Since the prognosis is good in T3N1 patients without mediastinal involvement, surgery is also available in these patients. Surgery is also recommended for T4N0-1 patients who are suitable for resection.\[[@ref32]\]

Although CRT is the standard treatment for stage IIIA and IIIB disease that is not suitable for surgery, RT alone can be used as definitive in patients with poor performance and who cannot tolerate combined treatment. Although the contribution of thoracic RT to survival alone is limited, it seems to be effective in tumor-related symptom control and tumor control. RT effectiveness is associated with tumor volume.\[[@ref33]\]

The main emphasis of many randomized studies and meta-analyses on the efficacy of combined CRT in locally advanced NSCLC is that CT or RT alone is not sufficient for survival and local control. Combined therapies have high survival and local success rates.\[[@ref30]--[@ref32]\]

There are randomized studies investigating the timing of chemotherapy and RT. One of these is the RTOG (610 patients) study; this is a comparison of concurrent CRT with sequential CRT contributions. In this study, the group who had concurrent CRT was found to be statistically significantly better in both median survival and 4-year survival (17 vs. 14.6 months, 4-year survival 21% vs. 12%).\[[@ref32]\] Japan Clinical Oncology Group study (320 cases) showed a significant increase in median and overall survival with concurrent CRT in patients with locally advanced NSCLC. The treatment response rate was significantly higher in the CRT group (84% vs. 66%).\[[@ref33]\] Concurrent use of CRT in locally advanced NSCLC has been accepted as the standard treatment approach due to disease control and its contribution to survival, although there are some increases in toxicity.\[[@ref32]\] Another opinion on this issue supports simultaneous CRT administration following induction CT. In the CALGB 9431 phase II study, good results were obtained with concurrent RT with the 3^rd^ cycle after two cycles of induction CT.\[[@ref34]\] However, in the locally advanced multi-modality protocol (LAMP) phase II study, concurrent, concurrent post-induction CT, post-concurrent consolidative CT were compared, and the concurrent CRT/consolidative CT arm was found to be better.\[[@ref35]\] In the CALGB phase III study, it was stated that toxicity increased with induction CT and there was no survival advantage.\[[@ref36]\] Currently, the recommended treatment for locally advanced NSCLC is concurrent CRT or concurrent CRT/consolidative CT.

Immunotherapy has been studied in NSCLC as in many tumor groups in recent years. The PACIFIC study compared placebo with Durvalumab added to standard chemoradiotherapy in stage III NSCLC, and the 2-year survival rate was significant in favor of Durvalumab with 55.6% and 66.3%. Immunotherapy should now be a part of standard treatment after these findings.\[[@ref37]\]

in the study conducted by RTOG in 1970 group on effective RT dose and fractionation, 60 Gy was found to be significantly better in disease control.\[[@ref38]\] In the studies conducted in the following years, no significant contribution of a dose higher than 60Gy was shown.\[[@ref38]\]

60-66 Gy (1.8-2 Gy/fr) applied in 6-8 weeks in locally advanced NSCLC RT is now accepted as the standard procedure.\[[@ref33]\]

**Neoadjuvant Chemoradiotherapy in Non-Small Cell Lung Cancer:** Mediastinal involvement is an important problem in operable stage IIIA disease. In patients with mediastinal N2 disease, 5-year survival is 5-10% with surgery alone or RT alone.\[[@ref39]\] Low survival rates make pre-operative and post-operative treatment approaches important in this patient group. On the other hand, the high rate of local failure seen in patients receiving definitive CRT has suggested that the addition of surgery may contribute tumor control of these patients.

Preoperative therapies are preferred over postoperative therapies because of their contribution to tumor resectability, control of micrometastases, better tolerability by patients and completion of therapies. There may be disadvantages, such as delayed surgery, low efficacy in large tumors and the development of serious post-operative complications.\[[@ref39]\] In studies, RT has taken place in concurrent applications with CT in preoperative treatment. Phase II studies on this subject have shown that neoadjuvant CRT contributes to survival.\[[@ref40]--[@ref42]\] However, the Intergroup 0139 phase III randomized trial did not show any contribution to survival.\[[@ref38]\] In this study, resectable stage IIIA cases were divided into neoadjuvant CRT-Surgery and CRT arms. Disease-free survival significantly increased in the neoadjuvant CRT-surgical arm, but the increase in overall survival was not statistically significant.\[[@ref43]\] In this study, mortality significantly increased in patients who underwent pneumonectomy, and the addition of neoadjuvant CRT in patients undergoing lobectomy was reported to have a contribution. Preoperative CRT studies suggest a concurrent CT with a total of 45 Gy RT of 1.8-2 Gy fractions.

**Post-operative Radiotherapy in Non-small Cell Lung Cancer (PORT):** Local failure and distant metastasis rates after NSCLC have led to the adjuvant treatment approach in this patient group. As a result of the meta-analysis published in 1998, the negative contribution of RT to survival led to a decrease in the post-operative RT approach in many centers.\[[@ref38]\] However, when subgroup analyses are considered, RT leads to deterioration in survival in stage I and II patients, while the situation is not clear in stage III patients. Another important deficit is that in the studies included in the meta-analysis, RT techniques are mostly conventional.\[[@ref44]\]

When we look at Surveillance, Epidemiology, and End Results database (SEER) and ANITA studies, RT shows survival advantage, especially in N2 disease.\[[@ref38]\] A retrospective study of 224 patients with poor-risk factors after surgery showed multiple mediastinal involvements and Post-operative contribution of RT to survival in T3, T4 disease.\[[@ref40]\] In surgical margin positivity, the risk of local recurrence is expected to be high; thus, PORT is conventionally recommended.\[[@ref45], [@ref46]\] It is thought that the efficacy of the resection margin in stage III disease is unclear because distant metastases are leading in this patient group.\[[@ref47]\]

In summary, PORT is recommended in patients with N2 disease and positive surgical margins. Radiotherapy is recommended to be administered after adjuvant CT as a total of 50-54 Gy of 1.8-2 Gy fractions. In patients with positive surgical margins and residual tumors, definitive doses and postoperative application are recommended.\[[@ref48]\]

**The Approach in Metastatic Disease:** In metastatic lung cancer, palliative radiotherapy for bones and palliative and curative radiosurgery for brain metastases are usually performed for pain palliation and fracture risk. More curative high-dose ablative treatments may be introduced in some patient groups. This approach comes into prominence, as life expectancy is higher in oligometastatic (1-3 metastasis) disease or adenocarcinomas with known mutations. In the COMET study, the contribution of SBRT to oligometastatic disease in different primary tumors, including NSCLC, was examined, ablative dose administration especially for metastasis in NSCLC provided progression-free survival and survival advantage.\[[@ref49], [@ref50]\]

2- The Role of Radiotherapy in Small Cell Lung Cancer {#sec1-5}
=====================================================

Small Cell Lung Cancer (SCLC) has a different treatment algorithm than other histological types with its rapid metastatic spread and good chemotherapy response. Thus, SCLC is considered a different disease. Two third of the cases are in the metastatic stage at admission; a high incidence of brain metastases caused the need to treat the brain, even if no metastases were detected at the beginning. These tumors are staged as limited-stage and extensive disease. Chemotherapy is the main treatment modality due to its rapid systemic spread potential and being a chemotherapy-sensitive tumor. In this section, timing and dose prescription of radiotherapy and identifying optimal candidates for rt will be discussed.

2A- Limited Stage SCLC {#sec1-6}
======================

The efficacy of radiotherapy has been known for many years in thoracic limited disease. The timing of chemotherapy and radiotherapy, the dose of radiotherapy and prophylactic cranial irradiation in these patients have been evaluated by randomized studies, and the standard has been determined today.

**Timing of Chemotherapy Radiotherapy:** In phase III randomized study examining whether radiotherapy was effective when applied concurrently with chemotherapy or after chemotherapy was completed, 308 patients were randomized into two arms, as one group of patients having thoracic irradiation concurrent with the second cycle of chemotherapy and as the other group of patients having thoracic irradiation at the end of six cycles. Chemotherapy was administered as alternating cisplatin etoposide and cyclophosphamide doxorubicin and vincristine, and radiotherapy was administered at 40 Gy in 15 fractions; 25 Gy prophylactic cranial irradiation was applied at 25 Gy in 10 fractions after chemotherapy was completed in cases with no progression. Median survival was 21 months in the early RT arm and 16 months in the late RT arm. 5-year survival rates were 20% and 11%. The standard approach after this study was the initiation of thoracic radiotherapy concurrent with the second cycle of chemotherapy.\[[@ref51]\]

Another topic discussed in radiotherapy was the dose to be administered. In a randomized study by Turrisi et al. involving 417 patients, patients were randomized to receive thoracic radiotherapy at 45 Gy in 25 fractions (5 weeks) (Standard) and at 45 Gy in 30 fractions (2 fractions per day for 3 weeks) (BID), concurrent to the second cycle of CT. Prophylactic cranial radiotherapy was applied to both arms at the end of chemotherapy. Median survival was 19 months in the standard RT group and 23 months in the accelerated arm. 5-year survival rates were calculated as 16% and 26%.\[[@ref52]\] Although these results have made accelerated radiotherapy the standard treatment, most centers were unable to routinely perform 2-fraction treatment on a day and 60-66 Gy 30-33 fraction RT was preferred. In parallel, randomized trials were conducted to confirm the accuracy of this practical situation. In the British CONVERT study, 547 patients from eight countries were randomized to 45 Gy BID and 66 Gy standard fractionation arms, and a median survival of 30 months in the BID arm and 25 months in the Standard 66 Gy arm was found. 5-year survival rates were 34% and 31%. Although there was no statistically significant difference between survival rates, the researchers emphasized that 45 Gy BID RT should be accepted as the standard since the study design predicted that 66 Gy RT would be better.\[[@ref53]\] The CALGB study designed the study by randomizing into 2 arms as 45 Gy BID 70 Gy standard and 61.2 Gy (Concomitant boost (CB) 1.8 Gy/fr 5 weeks), but the CB arm was closed. The study continues to receive patients (NCT 00632853). According to the results of these studies, 45 Gy BID radiotherapy should be preferred if resources are convenient; otherwise 66 Gy RT should be applied.

Prophylactic cranial irradiation (PCI) has come up with the loss of patients due to intracranial failure, despite frequent brain metastasis in SCLC and systemic control in many cases. In 1999, Auperin et al.\[[@ref54]\] conducted a meta-analysis of seven randomized trials using 987 individual patients data, which showed that when PCI was applied to patients under remission, 3-year survival was found to be 5.4% (15.3% and 20.7%) higher in patients undergoing PCI. In the same study, the findings showed that different doses of RT did not affect survival, but the incidence of brain metastasis decreased with the usage of higher doses. Mostly 25 gray in 10 fraction is in use. Good staging and improvements in systemic therapies in SCLC have increased survival rates in limited-stage disease. Cognitive impairment due to prophylactic cranial irradiation is becoming more prominent in patients who live longer in disease-free stage.\[[@ref55]\] Two paths were followed to reduce cognitive impairment in whole-brain radiotherapy (WBRT): hippocampal-sparing cranial irradiation, and radiotherapy with memantine. RTOG 0933 phase II study showed that memory could be preserved with hippocampal protection.\[[@ref56]\] On the other hand, a double-blind phase III randomized trial comparing the addition of memantine and placebo to WBRT showed that addition of memantine was effective in preserving cognitive function.\[[@ref57]\] Both methods were demonstrated to prevent a certain degree of memory impairment, and this led to the design of a phase III randomized trial comparing the combined use of both methods. The early results of this study were presented at the ASTRO meeting in 2018. Whether hippocampal protection was added to 30 Gy WBRT+memantine or not compared in 518 patients with brain metastasis. Its contribution to the preservation of cognitive functions has been demonstrated without affecting disease control and regardless of patient age. The study on hippocampus protection in patients undergoing PCI in SCLC continues to recruit patients. In the light of these findings, sparing the hippocampus should be performed if conditions allow when PCI decision is taken. It should be kept in mind that memantine is also effective in preserving cognitive function, and its side effects are no different from placebo.

2B- Extensive-Stage Small Cell Lung Cancer {#sec1-7}
==========================================

Chemotherapy is the main treatment for extensive-stage SCLC without a doubt. However, a need arises for palliative RT for both lung and metastases during the treatment process. Although RT is successful in symptom control under these conditions, no effect on survival was observed.

Thoracic radiotherapy, radiotherapy for metastases and PCI in patients with good response to chemotherapy have been investigated in randomized trials. Slotman et al. showed that 30 Gy radiotherapy in 10 fractions directed to the thorax had a positive effect on survival in patients who responded to chemotherapy. There are two randomized trials that tested PCI for extensive-stage patients with chemotherapy response. The first study is the Japanese study that randomized 163 patients and found that PCI reduced brain metastasis, but had no effect on survival. In the EORTC study, 286 patients were randomized according to whether they received PCI or not. The probability of brain metastasis was reduced in one year, PCI showed to improve survival. This study has been criticized given that patients were not evaluated by routine cranial MRI unless they were symptomatic. The Japanese study has a more accurate design to evaluate patients after staging and chemotherapy, but the sample size is not sufficient to show the difference in survival. Although the results seem to be contradictory, both studies confirm that the probability of developing brain metastasis in one year with PCI is reduced. Considering the difference in survival in the EORTC study, PCI should be recommended in patients with a good response to chemotherapy.

One of the important advances in the treatment of extensive-stage SCLC is the positive results of the addition of immunotherapy to chemotherapy. The addition of Atezoluzimab to standard chemotherapy in extensive-stage disease provides a 2-month absolute increase in median survival, indicating that immunotherapy will also be part of the treatment. However, its integration with radiotherapy is not yet clear.
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